Abstract-We present here an improvement of the existing modified airy function (MAF) method. The results of our study show that the improvement gives extremely accurate propagation constants and also the modal fields for planar waveguides with arbitrary index profile.
I. INTRODUCTION
I N order to determine the characteristics of the devices and components formed by optical waveguides, one needs to know accurately the propagation constants and the fields of the modes supported by the waveguide. The exact analytical solution is possible only for some specific profiles. So, to obtain the propagation constant and the field of practical waveguides one resorts to some approximate method, viz. perturbation, variational, JWKB, modified airy function (MAF), etc., or numerical methods. With the exponential growth of the fast computers, numerical methods are no doubt most convenient to use but one cannot get much physical insight as with the closed-form expressions obtained by using approximate methods. The perturbation method is based on a closely related problem which yields an exact solution and we usually resort to first-order perturbation; even then it is extremely difficult to calculate the perturbed eigenfunction as it would involve the summation over an infinite series. On the other hand, the variational method gives good estimate for the lowest order mode by choosing an appropriate trial function and carrying out an optimization; the method becomes quite cumbersome when one has to apply it to higher order modes. The JWKB method is widely used but the solution obtained by the JWKB method diverges around the turning points. The MAF method originally given by Langer [1] has been successfully applied to planar optical waveguides with arbitrary index distribution in the core [2] - [4] . The method gives more accurate results than the JWKB method for most of the profiles and also do not diverge around the turning point [5] . As such, the MAF method represents a powerful tool to analyze optical waveguides for which the exact solution is not known. We may also mention here that now computer codes are available (like MAPLE, MATHEMATICA, etc.) which make direct calculations of Ai(a;) and Bi(a;) and, therefore, while carrying out numerical calculations, one can play around with Airy Functions (and their derivatives) with as much ease as the trigonometric functions.
The MAF method though more accurate than the JWKB method still shows small errors in the calculations of eigenvalue and the eigenfunction. In this paper, we present a significant improvement over the existing MAF method.
II. THEORY
In the analysis of optical waveguides one needs to solve the equation
where
and depends on the refractive index profile. This is supposed to be a known function of x apart from an eigenvalue parameter /?, the propagation constant.
In the MAF method, we assume the solution to (1) to be of the form
where Ai(x) and Bi(a;) are the Airy's functions [5] and are the solutions of the following equation:
Substituting (3) in (1), one obtains
Now, we choose £(x) so that the solution of which gives
where x 0 is the turning point, i.e., F 2 (:ro) = 0. Using (5) in (4) and neglecting the F" term, which is the only approximation we make in the MAF method, (4) becomes
The solution of the above equation is (8) This is the present form of the MAF method; although, in most cases, it is quite accurate but the term corresponding to F"(x) has been neglected. In what follows, we take into account the effect of the term involving F"(x). Now, if we do not neglect this term, (5) will be modified to (9) which on using (8), becomes
The above equation is exact; however, for an arbitrary function T 2 (x) it is impossible to find an analytical solution of (10). Hence, we determine the right-hand side (RHS) of (10) by using the approximate value of £(x) [as given by (6) 
and is a known function of x. Improved value of £ (we will denote it by £*) is now obtained by solving (11) and can be written as [see (6)] (12) where x\ is the turning point of the function 7 2 (:r). The wavefunction is then obtained by using the relation 
III. CALCULATIONS
To test the accuracy of the above modification to the MAF method we have considered two profiles widely studied in literature.
Example 1-Exponential Profile: ponential profile, given by
The first profile is an ex-
where n\, n 2 , and n c are the refractive index values and d is the diffusion depth of the waveguide. The reason for choosing the above profile is that exact solution for it is known [6] and most of the practical profiles resemble the above profile.
Using (14) in (1) 
The subscript 0 indicates that the value of function is evaluated at X = 0. The continuity of W(x) at X = 0 will yield the following eigenvalue equation:
Once the MAF solution is obtained we calculate 7 2 (x) using 7 2 (:r) = F 2 (a:) -f(x). Then the above calculations corresponding to (18) and (19) are repeated with £ replaced by C to obtain the modified eigenvalue and the modified eigenfunction. Once the MAF solution is obtained, the calculations for the Improved MAF are done by the same procedure as mentioned in Example 1.
IV. RESULTS AND DISCUSSION
The calculations were carried out for V = 4 corresponding to the fundamental mode in both the cases. The values of other parameters were chosen to be the following [6] : n\ = 2.177, n 2 = 1, and n\ -n\ = 0.187. The eigenvalues obtained by different methods are given in Table I . 6T M AF corresponds to the improved MAF method proposed in this paper. In both the examples considered the value of 6 becomes very accurate with the proposed modification to the MAF method.
If we plot the exact eigenfunction together with those obtained by MAF method and the IMAF method they will hardly show any difference, therefore, we have plotted ^exact-*MAF (continuous curve) and ^xact -*IMAF (dashed curve) as a function of X in Fig. 1 We have presented here an improvement on the existing MAF method. The results of our study show that using the proposed improvement we have achieved an extremely accurate method to obtain the eigenvalues as well as the eigenfunctions for planar waveguides with arbitrary index profile. Thus this method should be very useful in the better designing of many optical waveguide based devices and components.
